ADDITIONAL INDEX WORDS. substrate drenches, Ornithogalum thyrsoides, Ornithogalum dubium, willingness to pay SUMMARY. Plant growth regulators (PGRs) are effective tools for controlling potted plant growth. In this article, the effects of flurprimidol, paclobutrazol, and ethephon media drenches on stem elongation of star of bethlehem (Ornithogalum thyrsoides and Ornithogalum dubium) were investigated. At the lowest paclobutrazol (0.5 mg/pot) and flurprimidol rates (0.05 mg/pot) tested, plant height was reduced 20% to 35% compared with controls in all tested cultivars. Ethephon applied as a media drench when plants reached visible bud (VB) stage had no effect on plant height or flowering. A consumer preference survey of 'Fire Star' star of bethlehem (O. dubium) plant height showed that about 60% of participants preferred PGR-regulated plants. With every level of preference increase for shorter plants (on a scale of 1 to 5), participants were willing to pay $0.48 more for the shorter plant.
SUMMARY. Plant growth regulators (PGRs) are effective tools for controlling potted plant growth. In this article, the effects of flurprimidol, paclobutrazol, and ethephon media drenches on stem elongation of star of bethlehem (Ornithogalum thyrsoides and Ornithogalum dubium) were investigated. At the lowest paclobutrazol (0.5 mg/pot) and flurprimidol rates (0.05 mg/pot) tested, plant height was reduced 20% to 35% compared with controls in all tested cultivars. Ethephon applied as a media drench when plants reached visible bud (VB) stage had no effect on plant height or flowering. A consumer preference survey of 'Fire Star' star of bethlehem (O. dubium) plant height showed that about 60% of participants preferred PGR-regulated plants. With every level of preference increase for shorter plants (on a scale of 1 to 5), participants were willing to pay $0.48 more for the shorter plant. S tar of bethlehem (Ornithogalum sp.) was first introduced to floriculture as a cut flower, but over the last 20 years has been gaining popularity as a potted plant. The expansion from a cut flower to the potted plant sector, which is supported by new breeding efforts, can help satisfy the market demand for novelty plants. In the U.S. market, potted geophytes used as winterblooming house plants are especially in demand (Daly and Henry, 2009 ). More information on improved production protocols can support the further commercialization of potted star of bethlehem.
Unlike cut flowers, excessive stem growth is not desired for potted plants. A compact product with a plant plus pot:pot ratio of %1.6 is the theoretical optimum display (Sachs, 1976) . Aside from breeding and controlling environmental factors to regulate stem elongation, PGRs are a common way of manipulating plant growth to achieve the desired shape and size. A major group of PGRs are the anti-gibberellin (GA) growth retardants, which act by inhibiting GA biosynthesis at various points in the GA biosynthesis pathway (Rademacher, 2000) . The anti-GA PGRs are widely used in the flower bulb industry as sprays or substrate drenches (Currey et al., 2012; De Hertogh, 1996; Miller, 2014) . Flurprimidol and paclobutrazol are two commonly used anti-GA retardants. Flurprimidol applied at 15 and 30 mgÁL -1 resulted in significantly higher chlorophyll content and shorter flower stems in star of bethlehem [Ornithogalum saundersiae (Salachna and Zawadzi nska, 2013) ]. While not acting via inhibition of GA biosynthesis, ethephon is also used as a growth retardant in floriculture. Ethephon releases ethylene on application. It can inhibit stem elongation as drench application in daffodil and hyacinth and a range of bedding plants (Miller, 2014; Miller et al., 2012; Moe, 1980) . To the best of our knowledge, no publications exist concerning the use of growth retardants in star of bethlehem production.
Anti-GA PGRs can regulate plant height and improve plant uniformity and can contribute to more accurate scheduling of flowering dates, meeting market requirements for plant height, and reduction of shipping costs. Although there are general guidelines suggesting the best ratio for potted plant (Sachs, 1976) , commercially acceptable potted plant height is largely a matter of personal preference and varies by plant species. For a commercial grower, the acceptable height is that specified by the customer, either an individual or, in the case of larger growers, the wholesale buyer of the product. Consumers' preferences and willingness to pay (WTP) for different horticulture products and product attributes have been studied to assist making consumer preference-based market decision (James et al., 2009; Jowkar et al., 2007; Kelley et al., 2000) . The objectives of this research were to evaluate the effect of flurprimidol, paclobutrazol, and ethephon as media drenches on stem elongation of star of bethlehem, and consumer preference for potted star of bethlehem plant height. Data collected from each pot included the date plants reached VB stage (defined as the time when one or more plants in the pot appeared to have a bud that reached 1.5 cm high and 0.5 cm wide) and the date of first flowering (when the first one or two florets were open). On the day of first flowering, leaf length, number of leaves, inflorescence height (stem length that has florets attached), scape height (leafless stem length below the lowest attached floret to the soil surface), and plant height (the sum of inflorescence and scape heights) were recorded. Data were analyzed using analysis of variance and regression analysis using JMP (version 10; SAS Institute, Cary, NC).
Units
EVALUATION O F C O N S U M E R PREFERENCE AND WTP. 'Fire Star' plants with two different heights were selected from the PGR drench experiment and used to conduct a survey of consumer preference for height of potted star of bethlehem. The tall plants were from the control treatment without any PGR applied. The short plants were about 30% shorter than control plants (which averaged 19.6 cm) and were selected from paclobutrazol or flurprimidol treatments. Participant recruiting was done by sending e-mails to the mailing list maintained by the Laboratory for Experimental Economics and Decision Research (LEEDR) at Cornell University. Participants included Cornell University faculty, staff, and graduate students and a small number of Ithaca residents. Each participant was compensated $10 for their time.
The survey experiment was conducted on 17 Feb. 2014 at the LEEDR laboratory. Three pairs of tall and short plants were placed in the laboratory. Participants were asked to read and sign a consent form before answering a two-sided (one-page) survey questionnaire. While answering the questionnaire, participants were shown (by projector) an image of two potted plants with different heights and the three pairs of actual plants displayed in the laboratory. Participants were divided into two groups. The first group of participants was told that the two plant heights were a result of growing in different greenhouse environments. The second group was told the short plants had been treated with chemicals to reduce growth. The survey questionnaire included Likert scale questions addressing participants' attitudes toward the importance of potted flower attributes and their sociodemographics. The sociodemographic questions included age, gender, education, income, and frequency of buying potted plants. Data were analyzed with least-squares method of linear regression analysis using JMP (as above). (Table 2) . Compared with the untreated controls, paclobutrazol and flurprimidol drenches reduced plant height in all three cultivars by reducing scape height and inflorescence height, except for 'White Star' where inflorescence height was unaffected by either material. All three cultivars showed highly significant linear relationships between PGR application rate and plant height. The plant height was reduced by 32%, 40%, and 43% at the lowest paclobutrazol rate tested [1 mg/pot (Table 1) ] and was reduced by 24%, 26%, and 44% at the lowest flurprimidol rate tested (0.1 mg/pot) in 'Fire Star', 'White Star', and 'Yellow Star', respectively (Table 2) . Leaf length decreased linearly as paclobutrazol and flurprimidol concentration increased. There was visible foliar phytotoxicity on leaf tips at the highest paclobutrazol dose (4 mg/pot) and the two highest flurprimidol doses (0.25 and 0.5 mg/pot) on 'Yellow Star'. The number of leaves was unaffected by paclobutrazol or flurprimidol treatment in any cultivar.
Results

PGR
In year 2, the experimental rates of paclobutrazol and flurprimidol were reduced based on first year results. Days from planting to flowering L***Q*** L***Q*** NS z 1 mg = 3.5274 · 10 -5 oz. y Leaf length, number of leaves, plant height, scape height, and inflorescence height data were collected when first one or two florets flowered; 1 cm = 0.3937 inch.
x VB = visible bud. w Significance of linear (L) or quadratic (Q) regression: NS, *, **, *** denote nonsignificant or significant at P £ 0.05, 0.01, or 0.001, respectively. (Table 3) . No flowering delay was observed when flurprimidol was applied, expect for 'Orange Star 511'. At the highest flurprimidol rate (0.15 mg/pot), 'Orange Star 511' flowering was delayed by 2 weeks compared with control (Table 4 ). All cultivars showed a highly significant linear relationship between paclobutrazol rate and plant height. Plant height was reduced by 30%, 32%, 30%, and 35% at the lowest paclobutrazol rate (0.5 mg/pot) tested in 'Fire Star', 'White Star', 'Yellow Star', and 'Orange Star 511', respectively (Table 3) . Plant height was reduced by 33% at the lowest flurprimidol rate (0.05 mg/pot) tested in 'Fire Star', 'Orange Star 511', 'Yellow Star', and by 21% in 'White Star'. Decreased plant height was mainly attributed to decreased scape height. Inflorescence height generally was unaffected by PGR application (Table 4) . Increasing rate of paclobutrazol and flurprimidol reduced leaf length in 'Fire Star' and 'White Star' in a linear manner (Tables 3 and 4). Leaf tip burn (possible foliar phytotoxicity) was observed with all three concentrations of flurprimidol in 'Yellow Star' and the highest concentration of paclobutrazol in 'Orange Star 511'. However, tip burn was not as severe as in year 1, likely due to the lower rates of material used.
At the rates tested, ethephon drenches had no effect on any measured parameter (data not shown).
EVALUATION O F C O N S U M E R PREFERENCE AND WTP.
A total of 70 people participated in the survey. Participants ranged in age from 18 to 74 years, and the mean age was in the range of 30 to 39 years. Most participants had received a 4-year college degree and most (63%) were female. Questions addressing participants' attitudes toward importance of potted flower attributes showed that the most important attribute was plant height, followed by flower color (Table 5 ). The result of the preference question showed that participants were more interested in the short plants, regardless of whether they were provided with information that shorter plants were treated with chemicals. When asked which height of potted plant they are more likely to purchase, about 60% of respondents chose the short plant. The two groups, with or without mentioning chemical application, showed the same trend of preference (Fig. 1) .
A multiple regression model was developed with response variable set as the amount of money a consumer was willing to pay for a short plant provided that the tall plant market price was $5.00. The multiple linear regression model, which was significant at P £ 0.001, is shown below. The model estimates consumer's WTP for the PGR-treated plant with four variables: 1) whether given the information of chemical applied, 2) preference for short plants, 3) shopping frequency, and 4) education level. The multiple regression model suggested that when people were more interested in the product, they were willing to pay more. With every level of increase toward preferring short plants, the participants were willing to pay $0.48 more for the shorter plants. We also found that higher education level and shopping frequency increased the WTP for PGR-treated plants. When consumers were told short plants were treated with chemicals, their WTP increased by $0.62.
Application of plant retardant would increase the direct cost per plant. To estimate the increased cost, we estimated the chemical and labor costs per pot for a single application. Typical 2014 market prices for paclobutrazol and flurprimidol were $37 and $118.50 per liter, with active ingredient concentrations of 0.4 and 0.38 gÁL -1 , respectively. The lowest effective rates we tested were 0.5 mg/ pot paclobutrazol and 0.05 mg/pot flurprimidol. At these doses, the chemical cost of paclobutrazol and flurprimidol was about $0.005 and $0.002 per pot, respectively. It took about half an hour to make the PGR solution and apply to plants. New York minimum wage rate was $8 per hour. Therefore, application labor cost was about $0.08 per pot (substantially more than the actual cost of the chemical). Based upon the results of this survey, we conclude that application of plant growth regulator is a worthy investment for star of bethlehem potted plant production. Consumer showed more interest in the PGR-treated short plants compared with controls. With higher levels of preference for short plants, consumers were willing to pay more for the product based on the regression model.
Discussion
Flurprimidol, paclobutrazol, and ethephon application is a common technique for plant height control in flower bulb forcing (Krug et al., 2005; Miller, 2003) . This work shows that paclobutrazol and flurprimidol are effective for reducing stem elongation in star of bethlehem. At the lowest paclobutrazol rate (0.5 mg/ pot) and flurprimidol rate (0.05 mg/ pot) tested, plant height was reduced by 30% to 35%. However, 'White Star' plant height was only reduced by 21% at the lowest flurprimidol rate. Inflorescence height was reduced in 'Fire Star' and 'Yellow Star' in the first year but not in the second year. The results suggested that with a lower dose of PGR, plant height can be regulated without decreasing the size of the flower clusters.
Star of bethlehem generally suffers from a ''tip burn'' phenomenon that can be seen in a wide range of forcing environments, locations, and cultural horticulture production regimes (W.B. Miller, personal observation). With high rates of PGRs in year 1, PGR-linked phytotoxicity was widespread. In year 2, with lower PGR rates, it was substantially less. The effective rate of paclobutrazol (0.5 mg/pot) had little to no phytotoxicity and the effective rate of flurprimidol (0.05 mg/pot) had some (not quantified). Additional future work on the ''tip burn'' disorder, and relationship with PGR use, would be justified as this crop gains popularity.
At similar doses, flurprimidol is more powerful than paclobutrazol Table 5 . Summary statistics for sociodemographic questions (gender, age, education, income, plant shopping habits, and attitudes on floral enjoyment) and Likert scale questions related to consumer attitude of attributes important to them when purchasing a potted plant (n = 70).
Variable
Description of variables Mean and less flower delay was observed with flurprimidol. However, flurprimidol had a slightly higher risk of tip burn problems than paclobutrazol.
Although there was a difference in chemical cost between flurprimidol and paclobutrazol for an effective dose ($0.005 vs. $0.002 for paclobutrazol and flurprimidol, respectively), the labor cost to apply the chemicals would always be substantially greater on a per-pot basis, so there is no economic rationale for choosing one product over the other. When applied as a media drench, both paclobutrazol and flurprimidol effectively reduced scape height and leaf length in all star of bethlehem cultivars tested. Drench application at VB stage is early enough for effective treatment. With proper application of paclobutrazol and flurprimidol, plant quality and uniformity were improved and can meet the aesthetic ratio (Sachs, 1976) . For the three star of bethlehem cultivars, 0.5 mg/pot paclobutrazol and 0.05 mg/pot flurprimidol will be a suitable application rate for potted plant production. For 'White Star', the dose might be increased, depending on preference and market size requirements. Growers would be advised to conduct small trials with 0.25 to 0.5 mg/pot paclobutrazol and 0.025 to 0.05 mg/pot flurprimidol before large-scale application. Media drenches of 0.5 mg/ pot paclobutrazol or 0.05 mg/pot flurprimidol are likely to be the maximum dose needed for many star of bethlehem cultivars.
The three concentrations of ethephon applied as drenches showed no effect on star of bethlehem flowering. Possible explanations of the result included application rate, species specificity, timing of application, and application method. Star of bethlehem responds to preplant ethylene exposure with increased plant height (Luria et al., 2002 ). It's possible that at VB stage, plants are not sensitive to ethylene. Also, by drench application, the ethephon solution was not in direct contact with leaves or stems, perhaps reducing effects on stem growth.
The consumer study suggests customers preferred shorter plants, and that they would be willing to pay more for shorter plants. This should be considered as a preliminary study, and wide ranging conclusions should not be drawn from it. However, it does seem clear that the cost of PGR use can be more than made up by a higher potential selling price: survey participants indicated they were willing to pay more for a shorter plant. If wholesale plant buyers were made aware of this result, perhaps growers could sell plants to them for a higher price with the knowledge customers would still be willing to buy a somewhat more expensive plant. Regardless, this seems to be an area where additional work could be done to help develop a more complete picture of this area.
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